Preparation of Gd
shows typical electropherograms for Ln 3 TCAS 2 , the electrophoretic mobility (μ ep ) of which was calculated as follows. First, the observed electrophoretic mobility, μ obs was obtained by using eq S1,
where l = effective capillary length, L = total length, t = observed migration time, and V = applied voltage. The electroosmotic mobility µ eo was calculated by the similar relationship (eq S2),
where t 0 = observed migration time of electroosmotic flow appeared as a peak for acetone. Subtracting μ eo from μ obs provides μ ep value (eq S3, Table S1 ).
μ ep = μ obs -μ eo (S3)
The negative value means that the electrophoresis took places from negative to positive direction, which was opposite to the electroosmosis. M KCl, and 5.3 M HCl to make up to 12.5 ml. Immediately after mixing, a 5-μl aliquot of the reaction mixture was subjected to HPLC to determine the concentration of remaining Gd 3 TCAS 2 . The reaction mixture was kept at 25 °C in a water bath and was monitored in this fashion for several times until 1800 s to obtain an observed dissociation rate constant k obs .
The whole procedure was repeated by varying the concentration of HCl while ionic strength was maintained to be 0.50 by adjusting the amount of KCl. The decay curves for Gd 3 TCAS 2 are shown in Figure S3 , which provided the dependence of k obs on [H + ] to give the solvolytic dissociation rate constant, k d , and the second-order dissociation rate constant, k H . 
Determination of hydration number, q
We used Tb 3 TCAS 2 as a surrogate for Gd 3 TCAS 2 in order to determine q. As seen in Figure  S4 , the time dependence of luminescence (at 545 nm) of Tb 3 TCAS 2 after pulse excitation at 373 nm showed single exponential decay in both H 2 O and D 2 O, which has been analyzed with eq S5 to estimate the luminescence lifetime (τ) .
where I and I 0 are luminescence intensity at time t and t = 0. As a result, the lifetimes τ H and τ D were obtained (Table S2) , where subscripts H and D denote τ measured in H 2 O and D 2 O, respectively. The number of coordinated water molecules (q) was estimated (Table S3 ) by using Horrocks' equation (eq S6), [1] 
where A Tb is a constant (4.19) for τ in milliseconds. 
These allowed estimation of the binding constant K b of Tb 3 TCAS 2 to HSA. Table S4 shows the binding constant calculated directly from the electropherogram at each ratio. The binding constant measured at each ratio was consistent, but at high albumin:Tb 3 TCAS 2 ratios, the integration was less reliable because of the lower concentration of free Tb 3 TCAS 2 and because of some peak broadening. Therefore we used the data at R = 0.4, 0.6, 0.8, and 1.0 to estimate the binding constant. 
Longitudinal Relaxation Rates (R 1 )
The solution for relaxometric measurement was prepared by dissolving an appropriate amount of Gd 3 TCAS 2 salt into 50 mM HEPES buffer (pH 7.4). The exact concentration of Gd III in the sample solutions for the relaxometric measurements was determined with ICP-MS. The longitudinal proton relaxivity, r 1 , was determined in 50 mM HEPES buffer solution (pH 7. 4) at 37°C and at field strengths 0.47 and 1.41 T. 
Temperature Dependence of Relaxivity.
Observation of relaxivity in dependence of temperature can be indicative of what molecular parameters control relaxivity. As already indicated in the manuscript, the inner-sphere contribution to the relaxivity of Gd 3 TCAS 2 is limited by the exceedingly slow inner-sphere water exchange rate. As the temperature is lowered, the contribution to relaxivity from the inner-sphere water ligands will decrease even further. Water molecules in the second hydration sphere will also contribute to relaxivity (in form of r 1 SS ).
The relevant correlation time for second-sphere relaxivity is the residency time for these second-sphere water molecules which is on the order of picoseconds. [3] As the temperature is lowered, this residency time increases which in turn decreases the relaxation time of these water molecules and increases relaxivity.
As τ m ' may be as short as 10 -12 s, T 1m ' >> τ m '. Therefore,
For T 1m ', the relevant correlation time is τ m ', as given by eq S12:
Finally, we obtain eq S13.
Second sphere water exchange is slowed as the temperature decreased, and subsequently the r 1 value increases (Table S6) proportionally. Because our observed r 1 values followed this trend, r 1 SS should be dominant in r 1 . The reduced relaxation rate at each temperature was calculated as
where R 2 is the rate measured with Gd 3 TCAS 2 , R 2d is the rate measured without Gd 3 TCAS 2 , and P m is the mole fraction of water coordinated to Gd (
. We assumed two coordinated waters per Gd ion (q = 2). The data were fit to the Swift-Connick equation (eq S15).
For inner-sphere water with the oxygen directly bonded to the Gd, the dominant relaxation mechanism is the scalar (sc) mechanism with contributions to relaxation from exchange (1/τ m ) and electronic relaxation (1/T 1e ), eqs S16 and S17. We assumed the hyperfine coupling constant A/ = 3.8 x 10 6 rad/s. [6] 1/T 2m = 1/T 2SC = S(S + 1)(A/ ) 2 τ SC /3 (S16)
The temperature dependence of water exchange and electronic relaxation is assumed to behave exponentially, eqs S18-20. determine the R 2r temperature dependence. We fit the data to two models. In the first model, we varied all 6 parameters. This resulted in the best fit (χ 2 = 0.034), but the fitted parameters were less well defined, especially T 1e and its activation energy. Inspection of the data indicates that we never reach a high enough temperature for the system to enter the fast exchange regime, i.e. where T 2m > τ m . As a result, we also fit the data to a 4-parameter model where we assume that the contribution to R 2r from T 2m is negligible. The 4-parameter model also fit the data extremely well (χ 2 = 0.099). Note this model has no dependence on T 1e
since we assume the slow exchange limit. The best fits from both models are given in Figure S9 . Table S7 lists the fitted parameters and their uncertainties. We also list water residency times at 298 K to compare with literature data.
Figure S9
Temperature dependence of the reduced relaxation rate, R 2r fitted with (A) 6-and (B) 4-parameters. 
